Abstract: Liver Damage among Environmental Disinfestation Workers: Francesco TOMEI, et al. Occupational Medicine Dept., "La Sapienza" University, Rome-It has been reported that exposure to high doses of insecticides can damage the liver. It is now becoming apparent that even exposure to low doses may affect the liver and blood. Studies on the effects on the health of disinfestation workers are scant. This study investigated 37 males doing environmental disinfestation work. They all employed the same types and amounts of pesticides. They were compared with 60 controls not exposed to hepatotoxic substances. In the presence of a physician, all subjects completed a clinical-history questionnaire. They all underwent a general clinical examination and specific blood chemistry tests were done. In the exposed group we found liver test values to be higher than controls (p<0.001), including AST (p<0.025), alkaline phosphatase (p<0.001), and total bilirubin (p<0.001). We found no abnormal hematological changes. The findings indicate that the use of pesticides in environmental disinfestation alters liver function and that this screening protocol is valid for identifying subjects at risk for hepatotoxicity. (J Occup Health 1998; 40: 193-197) 
Pesticides contain a large number of toxic active principles, each of which may be employed in a vast number of different formulations. Many of these products contain toxic substances such as coadjuvants, adhesivants, wetting agents and solvents for which the manufacturer does not always indicate the concentration 1) . Studies on the effects on the health of disinfestation workers are scant 2) . The type of work, the variable exposures, and the often incomplete knowledge of the toxicological properties of the substances involved makes it difficult to assess the real risk for workers who may be exposed to discontinuous low doses or occasional accidental high ones.
For some substances, such as organochloride insecticides, studies in animals and humans have detected hepatotoxicity at high and low doses, which might be linked to hepatic enzyme induction [3] [4] [5] [6] [7] . The hepatotoxicity of other classes of insecticides, such as carbamates, phosphoric esters and pyrethroids, employed by the workers studied here, is still controversial 3, [8] [9] [10] . Chronic exposure to carbamates, either experimentally or occupationally, led to a reduction in microsomal oxidation 11) , to hepatic alterationshypertrophy and necrosis of the hepatocytes, appearance of atypical nuclei, anomalous mitosis-and, in experimental studies in rats, to the formation of neoplastic nodules 12) . It has been suggested that these insecticides probably act as promoters of carcinogenesis 13) . Some exposed workers had slight increases in transaminases, arginase and alkaline phosphatase 11) . Organophosphorus insecticides can also cause moderate hepatotoxicity. In experimental studies in rats certain variables were altered, such as ALT (alanineaminotransferase), AST (aspartate-aminotransferase), bile acids and prothrombin time 14) . Some of these products, such as parathion, interfere with the hepatic microsomal metabolism 15) . The pyrethroids may have an effect on the liver, causing focal alterations with inhibition of intercellular communication 16) , a significant reduction in the concentration of hepatocyte glutathione, inhibition of mitochondrial respiration, inhibitory effect on microsomal lipid peroxidation 17) , and carcinogenic action on hepatocytes 18) . Additionally, some compounds in the organic chloride and carbamate classes can induce hematological alterations such as thrombotic thrombocytopenic purpura, aplastic anemia and pancytopenia 7, 19, 20) . The aim of this study was therefore to investigate whether the use of insecticides-mainly carbamates, phosphoric esters and pyrethroids-employed in environmental disinfestation programmes had harmful effects on the liver or blood of workers using them.
Materials and Methods
We studied 37 males working in environmental disinfestation who employed insecticides from the following main classes: phosphoric esters, pyrethroids and carbamates. Their mean age was 39.6 years ± 13.9 SD (range 23-60); mean working life was 9.6 ± 6.7 years, range 3-31. The 37 subjects were the whole staff working in the environmental disinfestation department. Their jobs were as follows: disinfestation 86.4%; mechanic 5.4%; driver/disinfestation 2.7%; product preparation 2.7%, and technician controlling products 2.7%. As these tasks were not rigidly applied, but largely overlapped, all workers were exposed to much the same risk. Exposure was homogeneous for the different jobs. The working day was divided into two 8 h shifts, each with an hour break (07.00-16.00 and 12.00-20.00).
The workers studied mostly used the following emulsifiable concentrates: one contained Propoxur as its active ingredient, at a concentration of 20%. This carbamate insecticide has reversible anticholinesterase activity, is fairly fast-acting, and its residue properties are excellent. The other main product contained 33% diazinone, a phosphoric ester with powerful anticholinesterase activity, 0.5% bioalletrine, a rapid-acting pyrethroid extracted from crysanthemum leaves, and 6% piperonylbutoxide as synergizer.
The pesticides are mixed (powder or solutions) and stored in tightly sealed bags which are kept in storage until needed. Workers load their equipment on specially fitted trucks (spray and aerosol pumps) and disinfest indoor and outdoor areas. Their last task is to clean their equipment and do any maintenance needed. Disinfestation normally takes a few minutes. The possibility of exposure is greatest during mixing, while loading the substances and during disinfestation. All workers are expected to use personal protective garments: overalls, headgear, gloves, transparent plastic goggles and dust masks with filter.
The types and amounts of insecticides employed depend on the type of treatment required. For creeping insects such as beetles, ants, fleas, ticks, etc., each worker applied a mean of 160 kg/year, consumption being highest in the period from April to September, in relation to the insects' life-cycle. Of this 90% are phosphoric esters or carbamates, the remaining 10% being pyrethroids. These latter are also used to spray-disinfest closed premises, each worker employing an average of 33 kg/year. Against winged insects-flies, mosquitos, etc.-each worker applied an average of 110 kg, of which 90% are phosphoric esters and 10% pyrethroids. Only about 300-400 kg of organochloride insecticides are used each year, meaning each worker applies approximately 10 kg/year.
The protocol followed in this study was as follows: a) in the presence of a physician, workers completed a targeted clinical/history questionnaire to identify occupational risk factors and extra-occupational confounding factors such as alcohol consumption, current and past liver disorders, use of hepatotoxic drugs, family history of liver disease; at-risk situations for viral hepatitis (i.e., blood transfusions, use of potentially infected syringes, use of blood derivatives, use of substances of abuse, contact with known hepatitis carriers and at-risk sexual behavior), exposure to potentially hepatotoxic xenobiotics at home (i.e., solvents, varnishes, paints, pesticides used for hobbies), any work done earlier or at the same time as the present job, and any other pathology that might affect the enzymes we investigated; b) objective examination; c) complete blood count, total, direct and indirect bilirubin, AST and ALT, γ-GT (γ-glutamyltranspeptidase) and alkaline phosphatase using standard methods on an ELAN analyser (Eppendorf, Merck); urinalysis was also done; d) cholinesterase activity: blood samples were processed by photometric test to determine serum cholinesterase activity. To reduce the effect of the natural variation in blood cholinesterase activity, according to Jeyaratnam and Maroni 21) at the beginning of the workday we took three sequential 3 ml blood samples to establish a normal baseline for each worker (average of 3 tests); at the end of the workday we took another 3 ml blood sample to compare cholinesterase activity after exposure with the baseline values; the results are reported in SI units (U/l).
We chose dichotomous variables because using quantitative variables might have caused data distortion. As far as alcohol consumption was concerned the answers given by the workers were so imprecise that we were forced to dispense with an exact quantification of alcohol intake in grammes according to Bower et al. 22) We divided the subjects into 4 intake groups: 1) no alcohol consumption; 2) minor alcohol consumption; 3) moderate alcohol consumption; 4) high alcohol consumption: repeated/ frequent alcohol consumption during freetime and working hours with disciplinary proceedings related to alcohol.
From a population of 1,000 subjects, all from the same geographical area as the exposed subjects, we selected a control group by stratification to take account of age, working life and confounding factors. The controls were 60 workers in various fields not exposed to hepatotoxic substances. Control subjects were all males, mean age 37.1 ± 8.9 years, range 23-60; mean working life 15.1 ± 7.6 years, range 3-33.
The homogeneity of the two samples as regards the variables considered and confounding factors was checked by using the test of the median for quantitative variables and the χ 2 test for qualitative characters (Table 1) . In assessing laboratory test results, the cut-off for significance was established at p<0.05.
Results
Serum cholinesterase activity was found to be reduced in the exposed subjects at the end of the workday (7661.4 ± 3077.4 U/l) compared with the baseline values (10,400 ± 4,909.2 U/l; p<0.005); the coefficient of variation in the serum values was 26%; coefficients of variation in the general population have been found to be 15-25% 21) . Figure 1 sets out the prevalence of abnormal liver test values. Analysis of the results showed a much higher prevalence of exposed subjects with liver test values higher than the threshold (62% compared to 25% in the control group; p<0.001). Analysis of the single tests showed that a significantly larger number of exposed subjects had AST outside the reference range (normal upper threshold = 46 IU/l) -21.6% compared to 3.2% of controls (p<0.025). Significantly more of the exposed workers had alkaline phosphatase outside the reference range (normal upper threshold = 280 IU/l) -72.9% compared to 1.6% of controls (p<0.001). A significantly larger number of exposed subjects had total bilirubin outside the reference range (upper limit = 1.0 mg/100 ml) -27.0% compared to 1.6% of controls (p<0.001).
The ALT values in the exposed and controls were not significantly different (normal upper threshold = 46 IU/ l) -exposed 10.8%, controls 11.6%. The γ-GT values in the exposed and controls were not significantly different (upper limit threshold = 55 IU/l) -exposed 10.8%, controls 13.3%.
At least two indices were above the normal range in 58.3% of the exposed subjects (controls 10%; p<0.001).
Stratified analysis (χ 2 test) was used to compare the values for AST, alkaline phosphatase and total bilirubin in exposed and controls by alcohol consumption. We did not find any significant relation.
As regards the blood components, RBC and platelets, WBC and differential count showed no appreciable differences between the exposed and control groups (data not shown).
Discussion
Our findings indicate that liver damage may occur in the type of cycle in which workers can be exposed either accidentally to high levels of toxic substances or to occasional, discontinuous low doses over a long period or may not comply with the rules for using personal protection equipment.
In our study the variables that changed in some subjects were alkaline phosphatase, AST and bilirubin, which may indicate liver damage and disruption of liver function. Other reports describe similar findings resulting from exposure to the same classes of pesticides 2, [23] [24] [25] . Srivastava et al. 23) reported a significant increase in alkaline phosphatase which they suggested confirmed the presence of hepatic damage; Bhaynagar et al. 24) reported a significant 2) found hepatic i n v o l v e m e n t m a i n l y i n d i c a t e d b y m o d e r a t e hyperbilirubinemia; experimental studies in rats given intramuscular injections of Propoxur found increases in total bilirubin, ALT and amylase 25) . This raises the question whether these changes really have clinical significance.
Workers with abnormal liver indices never had values more than two standard deviations above the upper limit, and the deviation from mean control values was small. This however was a working population, whose individual "normal" limits for single tests may well be lower than those established for the so-called "normal" population as a whole.
Standard biochemical tests such as liver enzymes have limited value in detecting hepatic alterations: on the one hand they essentially reflect an acute cellular lesion and on the other they are non-specific, giving no information on specific toxic effects. Nevertheless, we decided that this approach was the most appropriate, for three main reasons: 1) these tests also provide information on chronic effects (referring to the cell membrane integrity); 2) liver function tests such as enzyme-specific breath tests, antypirine, BSP (bromosulphalein), caffeine and lidocaine tests which are not fully reliable, are costly and cannot be used for screening purposes 26) ; 3) there are as yet no usable markers for specific toxins.
The improved technical preventive measures in the workplace have meant that exposure to frankly toxic doses of xenobiotics hardly ever occurs any longer, except accidentally. Workers are now exposed increasingly to low doses, generally within the TLV (threshold limit value) limits. There are numerous definitions of a "low dose". One of the most widely accepted the concept proposed by J.M. Barnes 27) states that a low dose is one or two orders of magnitude lower than the dose of a certain substance producing a clear toxic effect. Low doses of xenobiotics may be noxious not only in certain susceptible subjects but also for the working population as a whole. The constantly growing number of occupational and extra-occupational xenobiotics to which people are exposed may give rise to interactions (multideterminism); furthermore people may be discontinuosly exposed during the day or the week with the possibility of accidental exposure to high doses.
The workers we studied are exposed to a variety of insecticides-carbamates, phosphoric esters and pyrethroids-often simultaneously and at low doses, and these may cause some inhibition of hepatic microsomal enzymes through competition for cytochrome P-450 binding sites. This may lead to damage to one of the body's basic detoxification pathways for endogenous and exogenous metabolites 12) resulting in potentiation of the toxic effects of each compound 23) . Our data highlight the importance of primary prevention and of health surveillance even though not specific: disinfestation workers should undergo periodic health checks with liver screening. The findings show that the screening protocol employed is valid and easily administered in the workplace to identify subjects at risk of hepatotoxicity, detecting risk among an exposed population and establish how often tests should be done, depending on the level of response of the variables investigated [28] [29] [30] . Disinfestation workers should therefore undergo periodic health checks with particular attention paid to the liver.
